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HC≡CC(OH)Ph2 在室温及 60 ºC 条件下反应分别生成原子氢配位的γ-羟基卡拜配
合 物 OsHCl2(≡CCH2C(OH)Ph2)(PCy3)2 (2-1) 和 原 子 氢 配 位 的 烯 基 卡 拜 
OsHCl2(≡CCH=CPh2)(PCy3)2 (2-2)。2-1 和 2-2 在氯化氢乙醚溶液的作用下都可转
化为三氯配位的烯基卡拜 OsCl3(≡CCH=CPh2)(PCy3)2 (2-3)。更为简便的是，可通
过 OsH2Cl2(PCy3)2 与 HC≡CC(OH)Ph2 在氯化氢乙醚溶液存在下反应，由一锅法直
接合成烯基卡拜配合物 2-3。而 OsH2Cl2(PCy3)2 与 HC≡CC(OH)MePh 和萘乙炔的
反应，只能得到原子氢配位的卡拜配合物 OsHCl2(≡CCH=CMePh)(PCy3)2 (2-5)和
OsHCl2(≡CCH2Naph)(PCy3)2 (2-6) 。 OsCl3(≡CCH=CPh2)(PCy3)2 也 可 通 过
OsCl3(≡CCH=CPh2)(PPh3)2
 与 PCy3 的配体取代反应来制备，在反应过程中可分离
得到单个 PPh3 配体被 PCy3 取代的产物 OsCl3(≡CCH=CPh2)(PCy3)(PPh3) (2-4)。但
是 ， RuCl3(≡CCH=CPh2)(PPh3)2 与 PCy3 的 配 体 取 代 得 到 的 是
RuCl3(≡CCH=CPh2)(PCy3)2  (2-7) 、 RuCl3(≡CCH=CPh2)(PPh3)(PCy3) (2-8) 及
RuCl3(≡CCH=CPh2)(H2O)(PCy3) (2-9) （比例约 8:1:1）的混合物。 
第 三 章 研 究 了 锇 烯 基 卡 拜 配 合 物 的 金 属 有 机 化 学 性 质 。
OsCl3(≡CCH=CPh2)(PCy3)2 可与水及吡啶发生配体取代反应，分别生成水或吡啶


















(3-2) 吡 啶 存 在 下 与 AgOTf 反 应 生 成 离 子 型 产 物
[OsCl2(≡CCH=CPh2)(PCy3)Py2]OTf (3-4)。 3-4 可被 Cs2CO3 去质子化而转化为亚
丙二烯基配合物 OsCl2(=C=C=CPh2)(PCy3)Py2 (3-5)。此外，还考察了 2-3 与 NaOEt
及 EtOH 的反应。2-3 与 NaOEt 在室温下反应可得到锇烯基卡宾配合物
OsCl2(=CHCH=CPh2)(PCy3)2 (3-6)，而 3-6 在溶液中不稳定，可完全转化为热力
学稳定的原子氢配位的卡拜 2-2。2-3 与 EtOH 需在加热条件下才可反应，生成的




并尝试合成相应的卡拜配合物。RuCl2(PPh3)3与(PPN)3(P3O9)（PPN = N(PPh3)2 阳
离子）室温下在二氯甲烷或丙酮中反应，分别得到[Ru(P3O9)(PPh3)3](PPN) (4-15)
和[RuCl(P3O9)(PPh3)2](PPN)2 (4-16)，OsCl2(PPh3)3 与(PPN)3(P3O9) 室温下于二氯
甲烷中反应得到[Os(P3O9)(PPh3)3](PPN) (4-17) 。化合物 4-15 和 4-16 与 PhC≡CH
或 HC≡CC(OH)Ph2 反应分别生成了[Ru(P3O9)(=C=CHPh)(PPh3)2](PPN) (4-18)和
[Ru(P3O9)(=C=C=CPh2)(PPh3)2](PPN) (4-19)。[RuCl2(p-cymene)]2 与(PPN)3(P3O9)
反应，得到[Ru(p-cymene)(P3O9)](PPN) (4-20)，化合物 4-20 与 PCy3 配体在不同温
度 下 反 应 分 别 得 到 [Ru(η4-cymene)(PCy3)(P3O9)](PPN) (4-21) 、
[RuH(PCy3)(P3O9)](PPN)2 (4-22)和[Ru(P3O9)(PCy3)2(CO)](PPN) (4-23)。此外，还
通过化合物 OsCl3(≡CCH=CPh2)(PR3)2 (R = Ph; Cy)与(PPN)3(P3O9)通过配体取代
























Transition metal carbyne complexes have attracted considerable attentions 
because of their unique bonding and structural properties as well as their significances 
as catalysts or reagents in organic and organometallic synthesis. Of particular interest 
has been the issue that they are related to alkyne metathesis reactions. However, the 
catalysts currently used in alkyne metathesis are still limited to early transition metal 
(especially Mo and W) carbyne complexes or their precursors. In sharp contrast, 
Grubbs’ type of late metal ruthenium carbene complexes are highly efficient catalysts 
for olefin metathesis, which show complementary with early metal catalysts in 
catalysis. In this respect, synthesis and reactivity studies of ruthenium and osmium 
carbyne complexes will be helpful to explore the feasibility of using late transition 
metal complexes for alkyne metathesis. In this dissertation, the synthesis and 
characterization of a series of ruthenium and osmium alkenylcarbyne complexes have 
been described. The organometallic properties of some of the alkenylcarbyne 
complexes have also been investigated. This dissertation consists of following five 
parts. 
In chapter 1, the research progress on ruthenium and osmium carbyne complexes, 
including synthetic routes and reactivities are briefly reviewed. In addition, the 
research objectives of this thesis are also presented. 
Chapter 2 describes the synthesis of alkenylcarbyne complexes. Reactions of the 
dihydride complex OsH2Cl2(PCy3)2 with HC≡CC(OH)Ph2 at room temperature or 
under heating condition produce the hydride hydroxycarbyne complex 
OsHCl2(≡CCH2C(OH)Ph2)(PCy3)2 (2-1) and the hydride alkenylcarbyne complex 
OsHCl2(≡CCH=CPh2)(PCy3)2 (2-2), respectively. Treatment of 2-1 or 2-2 with 
HCl•Et2O affords the trichlorocarbyne complex OsCl3(≡CCH=CPh2)(PCy3)2 (2-3), 
which can also be conveniently synthesized by the one pot reaction of 
OsH2Cl2(PCy3)2 with HC≡CC(OH)Ph2 in the presence of HCl•Et2O. The reactions of 
















which lead to the formation of the hydride carbyne complexes 
OsHCl2(≡CCH=CMePh)(PCy3)2 (2-5) and OsHCl2(≡CCH2Naph)(PCy3)2 (2-6), 
respectively. In addition, OsCl3(≡CCH=CPh2)(PCy3)2 (2-3) can be alternatively 
prepared from the phosphine ligand substitution of the trichlorocarbyne complex 
OsCl3(≡CCH=CPh2)(PPh3)2 with PCy3, from which the mono-substituted 
intermediate OsCl3(≡CCH=CPh2)(PCy3)(PPh3) (2-4) can be isolated. While the 
phosphine ligand substitution of the trichlorocarbyne ruthenium complex 
RuCl3(≡CCH=CPh2)(PPh3)2 with PCy3 leads to the isolation of a mixture of 
RuCl3(≡CCH=CPh2)(PCy3)2 (2-7), RuCl3(≡CCH=CPh2)(PPh3)(PCy3) (2-8) and 
RuCl3(≡CCH=CPh2)(H2O)(PCy3) (2-9) in about a ration of 8:1:1. 
Chapter 3 is about the organometallic properties of osmium alkenylcarbyne 
complexes. OsCl3(≡CCH=CPh2)(PCy3)2 (2-3) undergoes ligand substitution reactions 
with water and pyridine leading to the formation of the aqua and pyridine-coordinate 
mono phosphine carbyne complexes OsCl3(≡CCH=CPh2)(PCy3)(S) (S = H2O, 3-1; S 
= Py, 3-2) Treatment of OsCl3(≡CCH=CPh2)(PCy3)2 with HBF4 gives the cationic 
product [OsCl2(≡CCH=CPh2)(PCy3)2](BF4) (3-3). Reaction of 
OsCl3(≡CCH=CPh2)(PCy3)Py (3-2) with AgOTf in the presence of pyridine produces 
[OsCl2(≡CCH=CPh2)(PCy3)Py2](OTf) (3-4), which can be deprotonated by Cs2CO3 to 
give the allenylidene complex OsCl2(=C=C=CPh2)(PCy3)(Py)2 (3-5). Deprotonation 
of OsCl3(≡CCH=CPh2)(PCy3)Py (3-2) with Cs2CO3 in the presence of pyridine also 
affords  3-5. In addition, OsCl3(≡CCH=CPh2)(PCy3)2 (2-3) reacts with NaOEt at 
room temperature produces the alkenylcarbene complex OsCl2(=CCH=CPh2)(PCy3)2 
(3-6), which is unstable in solution and evolves into the thermally more stable hydride 
carbyne complex OsHCl2(≡CCH=CPh2)(PCy3)2(2-2). In contrast, the reaction of 2-3 
with EtOH can only take place at elevated temperature to give the hydride carbyne 
OsHCl2(≡CCH=CPh2)(PCy3)2 (2-2). The alkenylcarbene complex 
OsCl2(=CCH=CPh2)(PCy3)2 (3-6) is the unknown osmium counterparts to the 
Grubbs-type carbene-ruthenium derivatives RuCl2(=CHR)(PR′3)2. 
Chapter 4 describes the preparation of a series of ruthenium and osmium 
complexes with cyclotriphosphato (P3O9
















attempt for the synthesis of corresponding carbyne complexes. Reactions of the 
RuCl2(PPh3)3 with (PPN)3(P3O9) in dichloromethane or acetone produce 
[Ru(P3O9)(PPh3)3](PPN) (4-15) and [RuCl(P3O9)(PPh3)2](PPN)2 (4-16), respectively. 
Reaction of OsCl2(PPh3)3 with (PPN)3(P3O9) gives [Os(P3O9)(PPh3)3](PPN) (4-17). 
Both ruthenium complexes 4-15 and 4-16 reacts readily with HC≡CPh or 
HC≡CC(OH)Ph2 to produce the corresponding vinylidene 
[Ru(P3O9)(=C=CHPh)(PPh3)3](PPN) (4-18) or allenylidene [Ru(P3O9)- 
(=C=C=CPh2)(PPh3)3](PPN) (4-19), which decopose upon treatment with acid such 
as HCl and HBF4. In addition, osmium carbyne complexes with P3O9
3- as supporting 
ligand [OsCl(P3O9)(≡CCH=CPh2)(PR3)](PPN) (R = Ph, 4-25; Cy, 4-26) can be 
prepared from the reaction of OsCl3(≡CCH=CPh2)(PR3)2 (R = Ph, Cy) with P3O9
3-, 
while treatment of RuCl3(≡CCH=CPh2)(PPh3)2 with P3O9
3- give rise to the carbonyl 
complex [Ru(P3O9)(PPh3)2(CO)](PPN) (4-24) derived from the hydrolysis of the 
carbyne ligand.  
Chapter 5 summarizes the main contents of this dissertation. 
 




















自从 E. O. Fischer 于 1973 年发现首例过渡金属卡拜化合物[MX(≡CR)(CO)4] (M = 





















































锇的二氯卡宾化合物 Os(=CCl2)Cl2(CO)(PPh3)2 (1-2) 与 LiAr 反应，进行α-位的氯
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